Background. Over the past decade, chronic kidney disease (CKD) has become an area of intensive clinical and epidemiological research. Despite the clarity provided by the Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines, there appears to be within the CKD research literature significant disagreement on how to define CKD and measure kidney function. Methods. The objectives of this study were to investigate the variety of methods used to define CKD and to measure kidney function in original research papers as well as to investigate whether the quality of the journal had any effect on the quality of the methodology used.
Introduction
Over the past decade, chronic kidney disease (CKD) has become an area of intensive clinical and epidemiological research. Historically, the CKD research literature has struggled to create consensus on definitions of CKD [1, 2] that has made the reporting of CKD research problematic [3] . This situation appeared to be resolved when in 2002 the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (KDOQI) created guidelines providing a clear definition and classification system for CKD [4] . These guidelines define CKD as the presence of kidney damage or glomerular filtration rate (GFR) of <60 mL/min/1.73m 2 for <3 months. CKD is further classified into Stages I-V according to the estimated GFR (eGFR) ( Table 1) .
The KDOQI clinical practice guidelines appeared to bring order to the previously chaotic terminology used within CKD research and clinical practice [5] . However, the guidelines have not existed without their critics and requests for amendments [6, 7] . Arguments have been proposed for increasing the 'chronic' aspect of the definition by increasing the 3-month time frame in the KDOQI guidelines to longer time intervals, such as 6, 9 or 12 months [8] . Despite this push for lengthening the chronicity aspect of the CKD definition, many large CKD prevalence and mortality risk studies including the National Health and Nutrition Examination Survey have chosen to use only one serum creatinine reading to define CKD-thereby neglecting the chronicity which is inherent in this disease [9, 10] .
There has also been much debate regarding the best method of measuring kidney function. The gold standard of assessing kidney function is direct measurement of GFR through 24-h urine collection. However, this is not practical in many settings; consequently, equations are used to calculate eGFR in lieu of direct measurement. The two equations most frequently used for estimated kidney function are the Modified Diet in Renal Disease (MDRD) Study equation [11] for estimating GFR and the Cockcroft-Gault equation [12] for determining creatinine clearance (CrCl). The MDRD equation dominates in epidemiological studies [13] and clinical lab use [14] [15] [16] [17] when estimating GFR. The Cockcroft-Gault equation has historically been recommended for use when calculating medication dosages; however, the MDRD equation has recently become acceptable for this purpose as well [18] [19] [20] . Choosing which equation to use in which circumstance is not clear-cut and both equations are still criticized for biases and inaccuracy [21, 22] . Newer equations have been proposed to overcome the limitations of the MDRD and Cockcroft-Gault equations. The CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula [23] , Mayo quadratic equation [24] and cystatin C-based equations [25] [26] [27] , respectively, claim to be more accurate [23] , reliable [28] and superior [29] to the MDRD and Cockcroft-Gault equations especially in patients with higher GFR levels.
As discussed above, there is a lack of agreement within the literature regarding how to define CKD and estimate GFR despite the clear guidelines from KDOQI. One previous study performed a preliminary Google search of the term 'chronic kidney disease' and found an absence of any consistent definition [2] . It is apparent that variations in the definition of a disease within research will have implications for further research along with potential implications for practice. To the best of our knowledge, there has not been a systematic review of literature that describes or quantifies the variation of CKD definitions used in original research articles. In light of this, the aim of this study was to provide a description and estimation of the variety of methods used to define CKD and measure kidney function in original research papers that have been published in the year 2009. A secondary objective was to investigate whether the quality of the journal, in which the article was published, had any effect on the quality of the methodology used to define CKD.
Methods

Literature search
An electronic search of MEDLINE through OVID was completed on 12 January 2010. The search term 'chronic kidney disease' was used and the search was further limited to articles in English and those published in 2009.
Inclusion/exclusion criteria
To be included in the review, a study had to be an original research article and include patients with CKD. Articles were excluded from the analysis if studies reported data from a paediatric population due to the fact that kidney function is calculated differently from an adult population. Studies were also excluded if they reported data solely from a population on dialysis (peritoneal or haemodialysis) as discrepancies in CKD definition are futile at this stage. Review articles, commentaries, case reports and studies with a non-human population were also excluded. Articles that did not use the term 'chronic kidney disease' but used other terms i.e. 'patients with low eGFR' in reference to their study population were also excluded. Articles that were deemed potentially appropriate for review based on their abstracts but did not have full-text access via OVID were also excluded.
Data extraction
Abstracts and titles were screened by both authors (J.A. and L.G.G.) and for those considered potentially relevant full-text versions were obtained to ensure that studies met the selection criteria. The following information was extracted from each article which met inclusion criteria: publication details, the study's definition of chronic kidney disease, method used to calculate eGFR or CrCl, minimum number of readings (i.e. readings of serum creatinine) and time between readings necessary to define chronic kidney disease, method used to determine proteinuria or albuminuria, if applicable, and method used to determine structural kidney damage, if applicable. The impact factor of each journal included in the review was obtained for 2009 [30] . Journals without impact factors were allocated a value of <1. Journals that were included in the analysis were also separated into one of two groups: specialist or general journals. Specialist journals were defined as those dedicated specifically to kidney or urology research. No distinction was made between included studies on the basis of whether CKD was defined for the purposes of selecting a study cohort, evaluating CKD as an exposure or studying CKD as an outcome.
Outcomes
Each article was assessed for quality as defined by the authors of this paper described below. A marker of good article quality was the use of KDOQI CKD definition criteria i.e. the article had to indicate that for the purpose of their study, CKD was defined using KDOQI criteria or that CKD patients had kidney function (i.e. GFR, eGFR, CrCl) measured on a minimum of two occasions separated by a minimum period of 3 months. A marker of poor article quality was the lack of mentioning any CKD definition used for the purpose of the article.
Statistical analysis
This review was not a meta-analysis. A description of the pooled data was completed and is summarized in Tables 2 and 3 . Quality of the journal (as represented by impact factor and journal type) and its relation to article quality (as described above) was analysed by chi-square analyses and are summarized in Table 4 . Quartiles were determined for the impact factor values and journals were grouped accordingly. Journals were categorized into four groups according to the value of their impact factor. All statistical test values were two sided, and a P-value of <0.05 was considered to indicate statistical significance. Analysis was carried out using SPSS (15.0).
Results
Studies identified by the literature search
The literature search identified 1158 articles from the initial search term and search criteria and Figure 1 shows the flowchart of the progress of articles in the review. Upon review of article titles and abstracts, 412 articles were deemed potentially relevant based on the aforementioned criteria. It was possible to obtain online full-text access for 334 articles. Of the 334 full articles, 301 were included in the final review. The final review included articles from 123 different journals.
CKD definition used in original research articles
There were 26 different methods used to define CKD ( Table 2 , panel A). Less than half of the articles (47.8%) defined CKD by using solely an eGFR value. An additional 44 articles (14.6%) used eGFR in combination with another estimation of kidney damage (i.e. albuminuria, proteinuria or structural damage). A substantial number of articles (n ¼ 26) did not indicate how they defined CKD for the purposes of their research. Of the articles that used structural damage as a CKD definition criterion, one-third (n ¼ 4) did not specify how they determined this structural damage (Table 2 , panel B).
Kidney function estimation used in original research articles
The quantity and duration of time between serum creatinine measurements also varied greatly between research articles ( Table 3 ). The gold standard of CKD definition as defined by KDOQI as two eGFR readings <60 mL/min/1.73m 2 separated by 3 months was adhered to in only 20% (n ¼ 60) of the articles. The majority of articles (52.1%) did not indicate any further information about serum creatinine measurements used to define CKD for the purposes of their research. Of the articles that did specify the number of creatinine measurements used to define CKD (n ¼ 127), 48% (n ¼ 61) only used one reading. Estimating GFR or CrCl was done using solely the MDRD equation in 62% of the articles (n ¼ 181). The remainder used either the Cockcroft-Gault equation (7%) or did not indicate the method used to estimate GFR or CrCl (11.6%).
Article quality versus journal quality or type
The influence of journal characteristics on the quality of article methodology is shown in Table 4 . Chi-square analyses showed no significant difference in the effect of the impact factor on the quality of definitions used (P ¼ 0.625). There were 23 different specialist journals in total. Specialist journals published 52% (n ¼ 157) of the articles analysed in this study but the quality of the CKD definition was not significantly different in specialist versus generalist journals (P ¼ 0.948).
Discussion
Summary of main findings
There is a variety of ways that authors are choosing to define CKD for the purposes of their own research. Less than 20% (n ¼ 59) of the articles included in this review adhered to the established international criteria for defining CKD. Of the articles that did specify the number of creatinine readings taken, the majority defined CKD by using only one reading (n ¼ 61), thus disregarding the inherent chronicity of the disease. The impact factor or specialist nature of the scientific journal appears to have no bearing on whether or not published articles use the gold standard KDOQI guidelines for labelling a patient with a diagnosis of CKD.
Comparison with existing literature
It is surprising that despite the existence of an international CKD definition, researchers instead have chosen to use the spectrum of definitions found during this review. It was known prior to commencing this review that many community-based cohort CKD studies used only one serum creatinine reading to define CKD [10] . This finding was reenforced with the results of this review. Choosing to use only one serum creatinine reading to define CKD has been shown to overestimate the CKD population by up to 30% [8] . Alternatively, choosing to use a documented diagnosis of CKD to define a CKD population has been shown to drastically underestimate the CKD population [31] . Therefore, by choosing alternative ways to define CKD, the validity of the research findings is questionable as are the guidelines that emanate from such research.
Strengths and limitations
This study represents the first comprehensive review of definitions of CKD used in original research articles and provides insight into the lack of consistency within CKD research. However, this study has a number of limitations. Firstly, our exclusion criteria limited the number of articles that were reviewed. Articles that did not use the term 'chronic kidney disease' but used other terms i.e. 'patients with low eGFR' in reference to their study population were excluded. Secondly, articles without full-text access were excluded. Thirdly, our search strategy only allowed for articles from the year 2009 to be accessed which may or may not allow for our findings to be generalizable to other years of published research. Finally, assumptions about chronicity of low eGFR and persistence of proteinuria may differ based on whether measurements were made as outpatients versus inpatients or whether measurements were done in a prospective protocolized manner versus collected in a retrospective manner. However, these data were often unavailable and were not collected as part of the current study. 
Implications for future research and clinical practice
In order to ensure that research is interpretable and able to be built on in future research, definitions and terminology used must be consistent. The lack of consistency in defining CKD in research articles published in 2009 questions the reliability of conclusions made regarding CKD patients. Additionally, the majority of research articles are not clarifying the methodology used to define CKD-which may have implications for future research and possibly clinical practice. Many physicians are unsure of how to diagnose CKD in the clinical context [32] and certainly current research practices are not helping to clarify this uncertainty. In addition to those differences identified in this study, several other distinctions between studies such as those relating to construct and predictive validity will need to be considered. However, it is important to note that the implications of these differences on internal and external validity in CKD research remains uncertain. Therefore, recognizing that the current CKD definition and staging may evolve, definitions for CKD should be developed, validated and operationalized for research purposes in a timely manner through international consensus. However, once this has taken place, the implications (i.e. selection bias, misclassification, confounding factors) of defining study populations, exposure and outcomes according to a proposed CKD definition must be rigorously examined.
Conclusions
This review of literature found that a variety of definitions are being used in original research articles to define CKD. This calls into question the validity and reliability of some CKD research findings as well as the clinical guidelines that have emerged from such research. International consensus in CKD definitions is urgently required to rectify this situation and ensure further CKD research is valid, clinically applicable and generalizable to primary and secondary care.
